ABSTRACT. The c-kit protein plays a major role in the regulation of germ cell development. Its expression and distribution in rodent testes have been widely reported. However, research regarding c-kit expression in domestic animals is scarce, and the expression pattern and distribution of c-kit in germ cells have not been clearly defined. In this study, a specific antigenic region for goat c-kit was designed, and a c-kit polyclonal antibody was prepared. This antibody was then applied in a study evaluating c-kit expression in Cashmere goat tissues. A Western blot analysis showed that three forms of c-kit were expressed in goat testes: precursor, mature, and soluble c-kit. Fluorescent immunohistochemical analyses showed that c-kit was primarily expressed in the spermatogonia and spermatocytes of goat testes. These results not only clarify the expression and localization of c-kit in the 4857 ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 13 (3): 4856-4866 (2014) c-kit in Cashmere goat testes goat testis, but also accelerate further research regarding the function of c-kit in goat spermatogenesis.
INTRODUCTION
The general functions of c-kit (kit receptor or CD117) and kit ligand (stem cell factor, SCF or KITL) were previously described in rodents (Mintz, 1957; Russell, 1979) . Through an analysis of the v-kit oncogene, the c-kit gene was first localized to the White-spotting (W) locus (Chabot et al., 1988) . The c-kit gene was mapped to chromosome 4 in humans and to chromosome 5 in mice (Mauduit et al., 1999) . Considered to be an oncogene, the c-kit gene is encoded by 21 exons spanning over 20 kb in humans (Vandenbark et al., 1992) , and encodes a 5.5-kb transcript in the mouse. The c-kit precursor protein has a molecular weight of 120 kDa, and can be post-translationally modified into the 145-160-kDa mature transmembrane receptor protein (Yarden et al., 1987; Dym et al., 1995) that belongs to the class III receptor tyrosine kinase family. In addition to the two c-kit forms mentioned above, the c-kit protein also occurs in a truncated form (Tr-kit) and a soluble isoform (S-kit). Due to the lack of complete extracellular and transmembrane domains, Tr-kit cannot interact with SCF, but plays an important role in the acrosomal reaction at fertilization in the mouse (Sette et al., 1997) . The soluble c-kit isoform is expressed on the surface of hematopoietic cells, mast cells, and endothelial cells, and it circulates freely in human plasma (Wypych et al., 1995) . This isoform is the result of proteolytic cleavage at the junction of the transmembrane and extracellular domains, and shows the same affinity for SCF as the full-length protein. S-kit can block the SCF-induced stimulation of hematopoietic colony growth in vitro, which indicates that S-kit can also functionally modulate SCF bioactivity (Dahlen et al., 2001) . Importantly, the c-kit protein plays a major role in the regulation of rodent germ cell development. In the embryonic stage, c-kit participates in the migration of primordial germ cells and in the survival and differentiation of gonocytes (Rossi et al., 2000) . In the mouse post-pubertal stage, the expression of c-kit has been confirmed in the Leydig cells, spermatogonia, pachytene spermatocytes, and spermatids, but it has not been detected in the undifferentiated spermatogonia or in Sertoli cells (Packer et al., 1995; Sette et al., 1997; Rothschild et al., 2003) .
To further study the expression pattern of c-kit in domestic animals and to accurately determine c-kit localization in goat testes, we cloned the fragment of the Cashmere goat c-kit gene and designed a specific antigen for goat c-kit. After prokaryotic expression and mouse immunization, we successfully obtained a mouse anti-goat c-kit polyclonal antibody, which was used to analyze c-kit expression in goat tissues. Consequently, we determined the expression patterns of c-kit in different goat tissues and its localization in testis cross-sections.
MATERIAL AND METHODS

Animals and tissue preparation
The testes were collected from 6-to 8-month-old Cashmere goats from the Engebei Stud Farm of the Yih Ju League Cashmere Sweater Factory, and were transported to the laboratory within 2 h for total RNA extraction, Western blotting, and immunofluorescence experiments. KunMing mice were purchased from the Laboratory Animal Research Center of Inner Mongolia University, China. All animal experiments were performed according to the Guide for Care and Usage of Laboratory Animals by the Research Center for Laboratory Animals, Inner Mongolia University.
Antigen prediction
Based on the homology of the published Shiba goat c-kit gene (GenBank accession No. D45168.1), the most probable antigenic site was predicted by the computer-assisted antigen prediction software obtained from the Harvard University website (http://immunax.dfci. harvard.edu/Tools/antigenic.html#Software). The α, β, turn, coil regions, antigenic index, and surface probability were predicted using the DNAStar software, and the antigen specificity was analyzed using the National Center for Biotechnology Information (NCBI) online BLAST program. Combining all of the above results, the region with the most probable antigenic site was selected based on the highest number of potential antigenic determinants, high antigenic index, surface probability, and high specificity.
Cloning of the c-kit antigenic region
The total RNA was extracted from 6-to 8-month-old Cashmere goat testes using the RNAsimple total RNA kit (TaKaRa, Dalian, China). The first strand of cDNA was synthesized by reverse transcription of 1 µg total RNA using reverse transcriptase M-MLV (RNase H -) (TaKaRa). The polymerase chain reaction (PCR) amplification was performed with gene-specific primers designed by PrimerPremier 5 (PREMIER Biosoft International), which were complementary to the predicted antigenic region of the c-kit gene. The primer sequences used for the PCR amplification were as follows: sense primer (5'-AAC CAT ATG CTG GTT CGC TGT CCC C-3') and antisense primer (5'-TGT CTC GAG GCC TCC TTC AGT CCC T-3'), in which underlined nucleotides indicate the restriction sites for the restriction enzymes NdeI and XhoI, respectively. All PCR assays described in this study were conducted under the following conditions: an initial denaturation at 94°C for 4 min, followed by 35 cycles of denaturation at 94°C for 40 s, annealing at 57°C for 1 min, extension at 72°C for 1 min, and a final extension at 72°C for 10 min using rTaq DNA polymerase. The 789-bp PCR product was ligated into the pMD19-T vector (TaKaRa) for the construction of the recombinant pMD19-T-gc-kit plasmid, and finally confirmed by DNA sequencing (TaKaRa).
Prokaryotic expression of the antigen
The amplified fragment was inserted into the prokaryotic expression vector pET44a(+) (Novagen, USA) between the NdeI and XhoI sites to construct the pET-44a-c-kit antigen expression vector. The construction of the vector was confirmed by DNA sequencing as described above. Prokaryotic expression of the His-c-kit antigenic peptide was performed in Escherichia coli BL21 (DE3) (Novagen). For the optimization of induction conditions, the bacterial culture was induced with 1.0 mM isopropyl β-D-1-thiogalactopyranoside (IPTG) for 3, 4, 6, and 7 h. After induction, the same amount of total protein from each sample was analyzed by 12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) with a parallel analysis of the uninduced culture as a control group.
Protein purification by affinity chromatography
The recombinant His-c-kit antigenic peptide was purified using a Ni-NTA His•Bind ® Resin column (Novagen) based on the affinity between the His 6 -Tag and an immobilized metal ion (usually Ni 2+ ). The detailed purification procedure was performed according to manufacturer instructions. For the optimization, the target proteins were eluted with the 1X Ni-NTA Elute Buffer, containing 100 mM to 1 M concentrations of imidazole, and the presence of recombinant proteins in the eluted fractions was confirmed by Western blot analysis.
Western blotting
The purified proteins were separated by 12% SDS-PAGE, and were then electrotransferred to a 0.45-µm Immobilon-P polyvinylidene fluoride (PVDF) membrane (Millipore) using a Bio-Rad apparatus at 100 mA for 1 h. The membranes were initially blocked with 5% skim milk in 1X Tris-buffered saline with 0.1% Tween 20 (TBST) at room temperature for 2 h with slow agitation, and were then incubated overnight at 4°C with mouse anti-6X His-Tag monoclonal antibody (Tiangen Biotech, Beijing) at 1:250 dilution in blocking buffer. Blots were washed with 1X TBST three times and incubated for 2 h at room temperature with the alkaline phosphatase (AP)-conjugated goat anti-mouse secondary antibody (Tiangen Biotech) at a 1:3000 dilution in 1X TBST. After washing with 1X TBST three times, the antigenic band was visualized using the NBT/BCIP substrate solution (Tiangen Biotech). The purified antigen was mixed with glycerol to a final concentration of 20%, and then stored at -80°C for further analysis.
Polyclonal antibody preparation
Six-to eight-week-old female KunMing mice were immunized with 30 µg purified antigen in Freund's adjuvant (Bio Basic Canada Inc.) by hypodermic injection. Every mouse was immunized a total of five times at injection intervals of 12 days. One week after the final injection, 1 x 10 6 S180 cells suspended in 1 mL medium were injected intraperitoneally into each mouse to induce the secretion of ascetic fluid. After injection for approximately 2 weeks, the ascetic fluid was harvested. Then, the supernatant of the ascetic fluid was collected by centrifugation at 13,000 rpm for 10 min. Each fraction of antibody was mixed with an equal volume of storage buffer [2X phosphate-buffered saline (PBS) with 2% bovine serum albumin, 40% glycerol, and 2% NaN 3 ], and stored in aliquots at -20°C.
Localization of the goat c-kit protein
To characterize c-kit expression in different tissues and its distribution in goat testes, we performed Western blotting and immunofluorescence staining. The total proteins were isolated from the goat testis, kidney, liver, and lung, using previously described methods (Xu et al., 1998) . Forty microgram aliquots of protein were separated by 8% SDS-PAGE and electro-transferred to PVDF membranes. A Western blot analysis was performed as described above using the anti-goat c-kit polyclonal antibody as the primary antibody at a 1:100 dilution and the AP-conjugated goat anti-mouse IgG secondary antibody (Beyotime Biotechnology, China) at a 1:3000 dilution. After washing with 1X TBST three times, the antigenic band was visualized using the NBT/BCIP substrate solution (Tiangen Biotech).
To determine the distribution of the c-kit protein in goat testes, immunofluorescence staining was performed using frozen sections of goat testis tissue. The preparation of the frozen goat testis sections and the immunofluorescence staining were performed as previously described (Zhang et al., 2011) . Briefly, the samples were fixed with an aldehyde-fixing agent at 4°C for an optimized period of time. After fixation, the samples were washed with 1X Dulbecco's PBS three times and then blocked with 5% (v/v) skim milk for 30 min at room temperature, followed by incubation with the anti-goat c-kit polyclonal antibody in the blocking buffer at 4°C overnight. The negative control was incubated in the blocking buffer without the primary antibody. The slides were rinsed three times and then incubated with Cy3-conjugated goat anti-mouse IgG (H+L) secondary antibodies (1:200, Beyotime Biotechnology) for 30 min at room temperature. Subsequently, the slides were washed again and counterstained with Hochest33258 (Sigma-Aldrich, Shanghai, China) before mounting and observation under an inverted Nikon microscope.
RESULTS
Antigen prediction and cloning
The results of online antigen prediction determined that the region containing eight antigenic determinants could be selected as a potential antigen (Table 1 ). The DNAStar software analysis (Figure 1) showed that the selected region fit the antigenic characteristics, the antigenic index was higher than 0 (mean 0.71), and the surface probability was higher than 1 (mean 1.26). The specificity of the antigen was analyzed using the NCBI DELTA-BLAST software, which showed that all of the sequences with a maximum identity greater than 90% were c-kit genes. A conserved domain analysis showed that the antigenic region had the lowest E-value (5.66e-38) and the highest similarity with the c-kit protein. On the basis of complete homology with the Shiba goat c-kit structure (Tanaka et al., 1997) , we putatively localized our antigen to the extracellular domain of the intact c-kit receptor. Subsequently, the selected 789-bp goat c-kit gene fragment was successfully amplified (Figure 2A ) to construct a cloning vector. DNA sequencing results from the recombinant pMD19-T-gc-kit plasmid indicated that the amplified fragment was cloned correctly. 
Antigen expression and purification
The pET-44a-c-kit antigen expression vector was constructed ( Figure 2B ) for prokaryotic expression. To optimize the induction conditions and purification procedure, a series of preliminary experiments were performed. The recombinant bacteria were induced with or without 1 mM IPTG at 37°C for 3, 4, 6, and 7 h, as shown in Figure 3A . The expression of the recombinant protein increased over time and reached its highest level when the induction time was extended to 6 h. The amount of target protein started to decrease at 7 h after induction. Thus, the optimized induction conditions for the goat c-kit antigen expression in E. coli BL21 consisted of culturing the bacteria with 1 mM IPTG at 37°C for 6 h. After growing an optimal intermediate culture, the recombinant antigen protein was purified using a Ni-NTA His•Bind ® Resin column. By treatment with different concentrations of imidazole, the optimal concentration of imidazole in the elution buffer was determined to be 250 mM ( Figure 3B) . A Western blot analysis was used to verify the expression, and the 30-kDa target bands were predominantly observed in the 250 mM elution lanes. Based on optical density calculation, approximately 75% of the purified target protein was recovered from the total elution by 250 mM imidazole. 
Western blot analysis of goat c-kit
The expression pattern of the c-kit receptor in normal goat testis, kidney, liver, and lungs was determined by Western blot analysis using the mouse anti-goat c-kit polyclonal antibody described above. As shown in Figure 4 , the strong immunopositive bands at approxi-mately 170, 120, and 100 kDa were specifically detected in the testis tissue. The 120-kDa band was determined to be the c-kit precursor protein (Rubin et al., 2001) , and the 170-kDa band was most likely the tyrosine-phosphorylated form of the protein (Kindler et al., 2004) . The 100-kDa band was probably the soluble form (Tanikawa et al., 1998; Mukhopadhyay et al., 2011 ) of c-kit, and this finding suggested that the soluble form of c-kit might also function in the goat testis. 
Immunofluorescence staining of frozen tissue sections
We performed immunofluorescence staining on frozen mature goat testis sections to determine the specific localization of c-kit expression in the testis. The results showed that goat c-kit localized near the basement membrane cells and had the appearance of single, paired, and aligned, whereas there was no immunoreactivity in the control group ( Figure 5) . Morphologically, we identified some spermatogonia and spermatocytes with positive signals, whereas the spermatids did not show any reactivity.
DISCUSSION
In the adult mammal testis, the c-kit/SCF system plays an important role in the regulation of germ cell proliferation, differentiation, and fertilization (Schrans-Stassen et al., 1999) . Recently, the truncated form of c-kit was reported to function in sperm-oocyte interactions in the mouse. However, the expression of c-kit in undifferentiated spermatogonia and spermatids remains debatable. Many studies have confirmed that c-kit is expressed in partially undifferentiated spermatogonia (Morimoto et al., 2009; Suzuki et al., 2009; Nakagawa et al., 2010) , and that c-kit-positive spermatogonia could repopulate in recipient testes after transplantation (Barroca et al., 2009) . Spermatogonial stem cells (SSCs) can change their phenotype according to different niches, and the c-kit-positive spermatogonia were speculated to be an intermediate state of SSCs (Morimoto et al., 2009 ). Thus, these previous studies provided detailed insight into the biological functions of c-kit in adult rodent testes. However, the expression of c-kit and its biological functions in domestic animals remain largely unknown. Due to the differences in the protocols and evolutionary disparity, knowledge of spermatogenesis in livestock lags behind that of rodents. Research on domestic animal spermatogenesis could be accelerated by the development of validated reagents (e.g., antibodies for SSC markers) and experimental tools (e.g., xenotransplantation and xenografting) (Hermann et al., 2010) . In the present study, we established a simple and effective method to develop specific antibodies for the goat c-kit protein and provided a basis for future studies regarding the biological functions of c-kit in goats.
The antibody generated in this study showed high specificity for the goat c-kit protein. A partial region of c-kit containing eight antigenic determinants was selected as the antigen. Generally, using large regions of the target protein as an antigen is a more successful approach for antibody production because the large region is able to generate a folded structure and a diversity of epitopes, which increases the chance that an antibody might work in an immunoassay.
This study describes the first detection of the c-kit expression pattern in goat tissues. The Western blot results confirmed the existence of a precursor, mature, and soluble form of c-kit in goat testes, although the previously reported 145-kDa mature and 30-kDa truncated c-kit that were detected in rodents (Majumder et al., 1988; Sette et al., 1997) were not detected in goat tissues. Post-translational glycosylation and phosphorylation of the c-kit precursor are the primary explanations for differences in molecular weight. The c-kit protein with a large molecular weight (~170 kDa) observed in our study was similar to the 160-kDa activated mouse c-kit described in other reports (Dym et al., 1995; Kindler et al., 2004; Cristofanilli et al., 2008; Mukhopadhyay et al., 2011) . It is possible that the mature c-kit protein is approximately 170 kDa after activation in the goat. Furthermore, the human 95-kDa soluble c-kit protein (Wypych et al., 1995) correlated with the ~100-kDa band observed in the present study. However, these target bands were not observed in the goat kidney, liver, or lungs. Because the expression of c-kit is limited to specific normal human tissue cell types, including mast cells, germ cells, melanocytes, breast epithelium, and interstitial cells of Cajal (Tsuura et al., 1994; Huizinga et al., 1995; Hornick and Fletcher, 2002) , there are no reports regarding tissue-specific c-kit expression in goats. In conclusion, we described the first analysis of the c-kit expression pattern in several goat tissues and found that c-kit is not detected in the normal goat kidney, liver, or lungs. However, it is expressed in the testis as both a mature and soluble functional protein.
To further study the expression of c-kit in the goat germ line, we applied the c-kit anti-body to immunofluorescence staining of frozen goat tissue sections. The results demonstrated the localization of c-kit to the membranes of spermatogonia and spermatocytes. We found that the c-kit-positive spermatogonia distributed on the basement membrane of each seminiferous tubule, and few c-kit-positive spermatocytes with relatively large round nuclei were found at the midlevel of each tubular epithelium. The truncated c-kit protein was not detected on the spermatids using our antibody, which was consistent with the Western blot results. The primary reason for this observation is that the antigen was designed for the outer membrane region of c-kit, and the truncated intercellular portion of the c-kit protein could not be detected. Overall, the immunofluorescence-staining results were consistent with the results observed in rodents (Prabhu et al., 2006) . In summary, this is the first report regarding the preparation of an antibody based on the Cashmere goat c-kit sequence, and the first analysis of c-kit expression in Cashmere goat tissues. We established a simple, low-cost, functional, and reproducible antibody preparation protocol. Furthermore, we demonstrated the existence of precursor, mature, and soluble forms of c-kit in the goat testis, which were not detectable in the other three tissues tested in this study. Finally, we found that c-kit expression localized to the spermatogonia and spermatocytes in the goat testis sections. These results not only provide a reference for further research on domestic animals, but also facilitate the study of c-kit function in goat spermatogenesis.
